INTRODUCTION
The first studies of serological relationships among the Trypanosomatidae (Noguchi, 1926) have served as a basis for consideration of species and genus affinities by later workers. Noguchi (1926) , who used sera diluted to only 1/20 concluded that the two strains of Herpetomonas culicidarum, isolated from different hosts were identical and that H. oncopelti did not cross-react with either H. culicidarum strain. Clark (1 958), using antisera of higher titre, confirmed Noguchi's results and in addition, noted the Noller isolate of Crithidia fasciculata (Culex strain, ATCC 12857) is immunologically different from the two C. fasciculata strains. These organisms are all species of the genus Crithidia. The H. culicidarum strains are C. fasciculata (Anopheles quadrimaculatus strain) ATCC 11745 and c . fasciculata (Culex pipiens strain) ATCC 12857. Herpetomonas oncopelti is C. oncopelti, endosymbiote-infected (ATCC 12982). A C. oncopelti, cured of endosymbiote, is now available (ATCC 16422).
More recently, McGhee & Hanson (1963) used white leghorn chickens for producing anti-trypanosomatid antibody. Their chickens always contained small quantities of natural antibody against all trypanosomatids tested and the resultant chicken antisera were of considerably lower titre than the rabbit antisera used by Clark (1958) : eight out of nine antisera produced against Crithidia fasciculata (Culex strain) had homologous agglutinating titres of 1 /I 60-1 /640, three antisera against Crithidia sp. from Euryophthalmus had homologous titres of 1 /6@1/1280, and only one antiserum against C. fasciculata (Culex strain) had a homologous titre of 1/5120 (McGhee & Hanson, 1963) . Sera with titres of 1/2560 and lower are considered lowtitred antisera.
agglutinating cross-reaction between Crithidia oncopelti and C. fasciculata (Culex strain) and also between C. luciliae and C-fasciculata (Culex strain) but only 12-25 % cross-reaction between C. fasciculata (Culex strain) and Crithidia sp. from Euryophthalmus. On the basis of their agglutinating cross-reactions, McGhee & Hanson (1963) separated the trypanosomatids into two groups according to whether they had been isolated from hemiptera or diptera ; they found high cross-reactions between organisms from the same host type and low cross-reactions between organisms isolated from different host types. Such a sharp division was surprising since there is no such division of these organisms into categories on the basis of general nutritional requirements (Guttman & Wallace, 1964) , ability to use various carbohydrates as the main growth substrate (Guttman, 1963) , ability to synthesize methionine (Guttman & Wallace, 1964) or pattern of catalase activity (Wertlieb & Guttman, 1963) . Indeed more recent experiments (McGhee, Schmittner & Hanson, 1965) on the ability of various Crithidia isolates to infect either hemiptera or diptera supported the conclusion that taxonomic groupings should not be based on the original host type, since experimental infection of the other host type was frequently possible. Simultaneously with the appearance of these studies on experimental infection, we (Vitetta & Guttman, 1965) pointed out the potential danger of identification of species on immunological data obtained with low-titred sera from chickens. We also presented preliminary immunological results which disagreed with the earlier work of McGhee & Hanson (1963) and supported the later conclusions of McGhee et al. (1965) .
This study presents methods for the preparation of high-titred sera against whole or disrupted cells of several lower trypanosomatids and data on the relationships of the various organisms as determined by agglutination tests.
METHODS
Preparation of whole-cell antigens. All trypanosomatids used in these studies (Table 1) were grown in 2800 ml. Fernbach flasks containing 1000 ml. of undefined medium (Guttman & Eisenman, 1965) . Each flask was inoculated with 5-Oml. of log phase culture of the particular trypanosomatid and incubated at room temperature until the logarithmic growth phase. After harvesting by centrifugation at 5000 g at 10" for 10 min., the organisms were washed twice with distilled water and the packed organisms distributed into several Wasserman tubes and stored in a freezer at -20" until needed. (Lower trypanosomatids may be suspended in distilled water for considerable periods of time without cell lysis.)
Preparation of disrupted-cell antigens. Trypanosomatids to be disrupted were grown and harvested as described above. After washing, 10-15 ml. of packed organisms were placed in a 150 ml. beaker, diluted 1/3 (v/v) with 0.85 % (wlv) saline and disrupted by one of the following methods:
(a) Pressure. 10 ml. of the diluted suspension were cooled in an ice bath for 30 min. and then rapidly passed through a French cell three times at 10,000 lb. pressure.
(6) Sonically. 50-70 ml. of the diluted suspension in a 150 ml. beaker were packed in an ice bath and the organisms were disrupted by treatment for 5min. with a Branson S-110 Sonifier equipped with a microtip and adjusted to a setting of 4.
Suspensions were examined microscopically after disruption to insure the absence
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of whole organisms and the presence of small particles. There was no further gradation of particle size. These suspensions ('disrupted antigen ') were then distributed into Wasserman tubes and frozen until used. Preparation and assay of antibodies. Methods are described in detail since they embody modifications and combinations of those outlined by Boyd (1956) , Kabat & Mayer (1961) , Campbell et al. (1963) , Crowle (1963) and Nussenzweig (personal communications).
Rabbits were used because they produce antibodies physicochemically more homogeneous than those produced by horses or chickens (Crowle, 1963; Kabat & Mayer, 1961) .
Since there was considerable difficulty involved in obtaining high-titre antisera to trypanosomatids, and also because of the low titres of trypanosomatid antisera obtained by others (Clark, 1958; McGhee & Hanson, 1963) in the absence of adjuvant, we used antigen mixed with Freund's complete adjuvant, which produces a granulomatous reaction at the injection site (Fishel et al. 1952 ) and hence produces a better antibody response. Before immunization, all rabbits were tested and found to contain no natural agglutinating antibodies against the trypanosomatids to be used in these studies. Animals were then immunized with a series of three subcutaneous injections at 1-week intervals. Each injection of 1.0 ml. contained either 0.2 ml. of packed whole organisms +0*3 ml. of saline or 0-5 ml. of disrupted antigen suspension, emulsiiied with 0.5 ml. of Freund's complete adjuvant (Baltimore Biological Laboratories, Baltimore, Md.). No animals were injected with complete adjuvant only (see Discussion).
From 3 to 7 days after the last injection and then at intervals of 4 to 7 days for 30 to 70 days, blood was collected from the marginal ear vein and the serum tested for agglutinating antibody titre. When the homologous titre reached a peak, 20ml. of blood were collected by cardiac puncture and the serum was tested for cross-reactions. After the titre had reached its peak, animals were bled every 3-7 days from the marginal ear vein and the serum separated by centrifugation at 4OOg and stored at 0". Agglutination tests. Dilutions of antisera (against both whole and disrupted cells) from 1/10 to 1/1024O were prepared in 0435% (w/v) saline. Dilutions were routinely run to the 1/1024O mark to ensure that the equilibrium region had been reached to obviate prezone effects (Kabat & Mayer, 1961) . To each Wasserman tube containing 0.5 ml. of diluted antiserum, 0-1 ml. of whole antigen, adjusted to an optical density 48
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of 2.0 with saline, was added. The tubes were then shaken vigorously and incubated at 55" for 30 min. along with a control tube containing 0.5 ml. saline + 0-1 ml. antigen.
The serum-saline control was omitted after initial tests showed no effect after incubation at 55". Since endpoints were difficult to read when anti-disrupted-cell serum was tested against disrupted antigen (probably because of the small-sized particles), whole cells were used in all agglutination tests.
Incubation was at 55" rather than lower temperatures in order to inactivate complement and assure maximum contact between serum and antigen by thermal agitation. When complement is not inactivated by either heating or ageing, it may mask true agglutination reactions (Gray, 1964) and may cause non-specific cross-reactions in our particular system (see Discussion).
Results of homologous agglutination tests were read to the nearest dilution; crossreactions were expressed as ' yo cross-reaction ' where 100 yo = homologous agglutinating titre. Since the doubling dilution method was used in tests, sera were tested only at levels which would determine, 100, 50, 25, 12, and 6% cross-reaction. Organisms which cross-reacted 50-100 % were considered immunologically similar.
RESULTS
The number of our antisera (prepared against whole and disrupted organisms) reaching high agglutinating titres (1/2560 or greater) and the methods used by various other investigators to generate anti-trypanosomatid antibodies are listed in Tables 2 and 3 . Both the highest titre sera and the greatest number of high-titre sera were produced using the adjuvant method described here. With all but one antigen preparation (Table 3) , peak titres of 1/2560-1/10240 were reached 20-60 days after the final injection. After the peak was reached, the titre usually dropped somewhat and then remained level for at least 140 days. A slow rise in titre followed by a long-lasting plateau is typical of the response in adjuvant-injected animals (Uchitel & Khasman, 1965) . One exception to this pattern was found with a serum against a disrupted Crithidia sp. from Euryophthalmus; the titre reached a peak of 1/2560 and then fell rapidly to zero.
Agglutinating cross-reactions with sera which had peak homologous titre or plateau past the peak titre, reveal certain relationships within the genus Crithidia. The Trypanosomatid immunology 49 three C. fasciculata strains (Culex, Wallace isolate, Culex, Noller isolate, and Anopheles) and C. oncopelti are immunologically very similar since agglutinating crossreactions for all are in the 50-100 % range (Table 4) . C. luciliae and Crithidia sp. from Euryophthalmus areimmunologically distinct from the three C. fasciculata strains and VITETTA A N D H. N. GUTTMAN C. oncopelti as well as from each other as evidenced by their low agglutinating crossreactions (Table 4) . Agglutinating cross-reactions between Crithidia sp. andLeptomonas sp. were low with four exceptions (one between C. fasciculata Culex-Wallace and Leptomonas sp. from Dysdercus and three between C. fasciculata Culex-Wallace and L. mirabilis) ( Table 4) . The two Leptomonas species show no strong agglutinating cross-reactions comparable to that seen among certain Crithidia species (Table 4) . yo AK after 24 hr acriflavin treatment (Guttman & Eisenman, 1965) Ability to synthesize methionhe (+at 28" C.) at 23-26" C (Guttman & Wallace, 1964) Effect of temp. increase (26" to 33") on catalase activity (Wertlieb & Guttman, 1963) 22,+5-0 59k2.1 49k2.9
--41 k 1.0
Carbohydrates used for growtht (Guttman, 1963) --* -Not tested.
-f Differences in ability to ferment carbohydrates have also been reported but these data are not tabulated here.
DISCUSSION
The difficulty in generating high-titre antisera to trypanosomatids is apparent from the reports in which low-titred antisera were used (Noguchi, 1926; Clark, 1958; McGhee & Hanson, 1963) . The efficacy of mixing Freund's complete adjuvant with the antigen is clearly demonstrated (Tables 2 and 3 ) by the incidence of high-titre (1 /256&1/ 10240) sera produced. Although adjuvants containing mycobacteria (complete adjuvants) are more effective in stimulating an immune response than are the same preparations without mycobacteria (incomplete adjuvants) (Fishel et al. 1952) , investigators are reluctant to use complete adjuvants in field immunization because of the granulomatous response produced at the inoculation site and presence of the rnycobacteria per se. At the present time, therefore, the goal is to develop an adjuvant Trypanosomatid immunology 51 which would contain no mycobacteria but still produce a sufficiently elevated immune response .
A possible complication to the interpretation of our high anti-trypanosomatid titre was posed by Konopka, Goble & Lewis (1961) in an abstract which noted that mice infected with Leishmania donovani exhibited prolonged survival to subsequent infection by Mycobacterium tuberculosis. It was subsequently found (Goble, personal communication) that cross-reaction between mycobacteria and L. donovani resided in the complement fraction and in our tests complement was inactivated. In addition, formation of non-specific antibodies to mycobacteria would be reflected in our finding non-specific agglutinating cross-reactions even at peak homologous titres but this was not the case ( Table 4) .
Our immunological data ( Table 4) plus various biochemical differences (Table 5 ) among the Crithidia strains provide enough criteria to justify calling them separate species. The closest relationships exist among the four organisms currently called Crithidia fasciculata (Anopheles, Culex-Wallace, and Culex-Noller) and C. oncopelti, but differences in such a primary response as induction of akinetoplasty (which depends upon reaction with the organisms' mitochondria1 DNA itself) (Guttman & Eisenman, 1965 ) set these organisms apart as separate species.
All other organisms used in these studies were immunologically distinct as evidenced by the low agglutinating cross-reactions. Thus, our results clearly do not support the separation of organisms into immunologically related groups according to whether they were isolated from hemiptera or diptera. If such a relationship were to hold, we would expect C. luciliae to show a high agglutinating cross-reaction with C. fasciculata strains and Leptomonas sp. from Dysdercus to show a high cross-reaction with Crithidia sp. from Euryophthalmus. Our data show that this is not the case (Table 4 ). In addition, the biochemical characteristics of the organisms (Table 5) form no pattern which separates organisms isolated from diptera and hemiptera.
We hope that nomenclatural reform will follow shortly or else we may look forward to increased confusion about the precise nature of organisms used in biochemical studies (Carter, Gaver & Yu, 1966; Guttman & Eisenman, 1965) . This work was aided by grant AI-06530 from the United State Public Health Service.
